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Post-translational modification with myristoyl or
prenyl groups is essential for membrane association
of many small GTPases in the Ras superfamily. Two
recent papers show that, rather than myristoylation,
amino-terminal acetylation of the Arf-like protein
Arl3p is required for Golgi targeting via an interaction
with an integral membrane protein called Sys1.
Deciphering the core organizing principles that deter-
mine protein localization to specific organelles is often
like peeling back layers of an onion. This is particularly
true for an elegant series of studies performed inde-
pendently by the Burd and Munro groups that started
with what seemed to be a simple question: how does
the Golgi-targeting GRIP domain in the yeast vesicle
tether Imh1p mediate its localization to Golgi mem-
branes? The answer to this question goes something
like this: the Imh1p GRIP domain binds the Arf-like
small GTPase Arl1p, which is recruited to the Golgi by
another member of the Arl family, Arl3p, which requires
an amino-terminal acetylated methionine residue to
bind to a Golgi-localized, integral membrane protein
called Sys1p (Figure 1) [1,2]. So what are these pro-
teins and what do they do?
Imh1p is a long, coiled-coil protein of the golgin
family, and is a putative vesicle tether in an endosome
to trans-Golgi network (TGN) trafficking pathway [3–7].
Vesicle tethers are postulated to capture vesicles at
long distances from the target organelle and funnel
them into the waiting helices of SNARE proteins, which
facilitate membrane fusion. These tethers include large
hetero-oligomeric proteins, such as the exocyst,
TRAPP, COG, HOPS and GARP, and coiled-coil pro-
teins that produce long, rod-like structures, such as
p115/Uso1p, EEA1 and potentially the golgins [8–10].
Tethers help to identify target organelles and therefore
must be recruited to the appropriate membrane to
ensure fidelity of the transport process. For some
golgins, the amino terminus is attached to the Golgi by
a transmembrane domain or myristoylation, but most
golgins are peripheral membrane proteins. A subset of
the latter class, including Imh1p, contain a carboxy-ter-
minal GRIP domain that is responsible for Golgi local-
ization through its interaction with Arl1p [6,7,11]. Arl1p
also binds to the GARP complex (comprising Vps51,
Vps52, Vps53 and Vps54; also known as VFT) and so
the recruitment of vesicle tethers to the TGN may be
the primary function of Arls [7].
For several years, the function of the ten human and
two yeast Arls was unclear. However, human Arl1 was
known to localize to the Golgi [12] and overexpression
of a GTP-locked form of hArl1 (the Q71L allele) was
found to perturb Golgi function and structure [13,14]. An
important clue to potential Arl effectors came from a
yeast two-hybrid screen, which identified an interaction
between the GRIP domain of golgin-245 and human
Arl1(Q71L) [14]. This analysis was extended to show that
the yeast Imh1p GRIP domain bound directly to the
GTP-bound form of Arl1p, but not Arl3p–GTP [6,7,15,16].
Surprisingly, localization of Imh1p to the Golgi required
both Arl1p and Arl3p even though it only bound directly
to Arl1p. Moreover, loss of Arl3p abolished Arl1p mem-
brane association as did the inactive Arl3p(T31N) allele
[6,7]. Thus, it appears that activated Arl3p–GTP recruits
Arl1p to the Golgi.
The discovery of the role of amino-terminal acetyla-
tion and Sys1p in recruiting Arl3p to the Golgi arose
from two different synthetic lethal screens that require
some background explanation. In yeast, deletion of
IMH1 or either of the ARL genes only modestly perturbs
late Golgi function, presumably because the Arl
pathway is partially redundant with the Ypt6p pathway.
Ypt6p is a small GTP-binding protein in the Rab family
implicated in endosome to TGN transport as well as
intra-Golgi transport [4,5,17]. Ypt6p plays a role in
recruiting the GARP complex to the TGN and requires a
specific exchange factor called Ric1p for its function
[5]. Yeast can survive deletion of either a Ypt6p
pathway gene or an Arl pathway gene but die if genes
in both pathways are deleted in the same cell, i.e. muta-
tions in these pathways are synthetically lethal. There-
fore, a synthetic lethal screen starting with a Ypt6
pathway mutation should recover mutations that
perturb the Arl pathway. One possible explanation for
these genetic interactions is that Ypt6p–GARP and
Arl1p/Arl3p–Imh1p have redundant functions in bring-
ing endosome-derived retrograde vesicles to the 
TGN (Figure 1).
One synthetic lethal screen started with the ypt6∆
mutation and used the synthetic genetic array approach
to screen knockouts of every non-essential gene in
yeast [1]. Remarkably, this screen identified 123 genes
that become essential in the ypt6∆ background, so it
seems likely that mutations in many pathways are syn-
thetically lethal with ypt6∆. To identify those specifically
involved in the Arl pathway, all 123 mutants were trans-
formed with a GFP–GRIP domain construct and re-
screened for mislocalization of the GFP tag. This
narrowed down the analysis to five mutants; arl1 and
arl3, as expected, and sys1, mak3 and mak10. SYS1
was previously cloned as a multicopy suppressor of
ypt6 [18], and Mak3p and Mak10p are subunits of the
NatC Nα-acetyltransferase complex [19]. The second
synthetic lethal screen started with the exchange factor
mutation ric1∆ and used a more traditional colony-
sectoring assay. Among several mutants identified,
mak10 was the only one that caused mislocalization of
Imh1p–GFP [2].
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Yeast has three different amino-terminal acetyltrans-
ferases, NatA, NatB and NatC, with different substrate
specificities. NatC is composed of three subunits
(Mak3p, Mak10p and Mak31p) with Mak3p providing the
catalytic activity [19]. The recovery of NatC subunits as
Arl pathway mutants strongly suggested that amino-
terminal acetylation of Arl1p, Arl3p or Imh1p was
required for localization. The fact that Arl3p has an
amino-terminal sequence matching the substrate pref-
erence for NatC (Met–Phe) and was displaced from the
Golgi in the mak3∆ mutant made it the likely target. In
fact, mass spectrometry of amino-terminal Arl3p peptide
demonstrated that this protein was amino-terminally
acetylated in wild-type cells, but not in mak3∆ cells [1,2].
Sys1p is a small integral membrane protein with four
predicted transmembrane domains that localizes to the
TGN in yeast and human cells [1,2,18,20]. As the only
integral membrane protein implicated in the Arl
pathway, it is a good candidate for the acetyl-Arl3p
receptor and in fact a range of evidence supports this
idea. Firstly, acetyl-Arl3p can be crosslinked to Sys1p
while Arl3p lacking its acetyl group cannot. Secondly,
Arl3p is displaced from the Golgi of sys1∆ cells even
though other peripheral proteins are unaffected. Finally,
relocalization of human Sys1 to the ER (by attachment
of an ER retrieval motif) causes ER localization of
ARFRP (the human ortholog of Arl3p) and the human
proteins can also be crosslinked. Therefore, it seems
that Sys1p is the only receptor for acetyl-Arl3p and is
ultimately responsible for recruiting Arl1p and Imh1p to
the TGN [1,2]. These data also indicate that this
pathway is well-conserved throughout evolution. 
Multiple layers of this Arl story have been peeled
away and the next obvious layer is to determine how
Sys1p is localized to the TGN. In addition, a few layers
have been skipped. For example, the Arl proteins
almost certainly require exchange factors and GTPase-
activating proteins to regulate their function and none
of these factors is known. In addition, Imh1p is pro-
posed to be a tethering protein but much remains to be
done to determine its precise function at the TGN.
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Figure 1. Sequence of events in recruiting Arls and potential vesicle-tethering complexes to the TGN. 
(1) The amino-terminal methionine of Arl3p is acetylated by NatC (Mak3p, Mak10p and Mak31p). (2) Acetylated Arl3p binds to the inte-
gral membrane protein Sys1p on the surface of the TGN. (3) Arl3p recruits Arl1p to the TGN by an unknown mechanism. An Arl1p
guanine nucleotide factor may also act at this step. (4) Binding of the Imh1p GRIP domain to Arl1p brings this potential vesicle-
tethering protein to the TGN. Arl1p also binds to a second potential vesicle tether called GARP (Vps51–Vps54), which interacts with
the Tlg1p SNARE. GARP primarily requires Ypt6–GTP for localization to the TGN.
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